Patients with mild to moderate disease, which are much larger in number [23] , are typically treated in primary care and are less well studied with regard to their exacerbations.
Therefore, the objectives of the current study were to investigate the occurrence rate and management of acute exacerbations in patients with COPD treated in Dutch general practices, and to assess the exacerbation related healthcare costs in different stages of severity of airflow obstruction.
Methods

Study subjects and design
The study consisted of a systematic medical record review over the past two years in 286 subjects with physician-diagnosed COPD recruited from 44 general practices in the Netherlands. All subjects participated in the COPD on Primary Care Treatment (COOPT) study, a randomised controlled trial evaluating the effectiveness of Nacetylcysteine and fluticasone propionate in a primary care COPD population [24] . General practitioners (GPs) identified subjects with a diagnosis of COPD using existing diagnostic labels (i.e., International Classifications of Primary Care (ICPC) codings R91 (chronic bronchitis) and R95 (COPD/ emphysema) [25] and drug prescription records (i.e. prescriptions for anticholinergics and inhaled corticosteroids in the previous year). Subjects identified as suffering from COPD were invited for a screening visit to the general practice. Subsequently, eligibility for trial participation was verified in a certified pulmonary function laboratory. Trial inclusion criteria were: aged 35-75 yrs; current or ex-smoker; chronic dyspnea, sputum production and cough for at least three consecutive months per year during the previous two years [26] ; either post-bronchodilator (BD) FEV 1 (forced expiratory volume in one second) <90% of the predicted value or post-BD FEV 1 /FVC <88% (89% for women) of the predicted value; no previous treatment for asthma, allergic rhinitis or atopic rash; no severe comorbid conditions. Subjects with FEV 1 <40% of predicted post-BD were excluded. The study was approved by the medical ethics review board of the Radboud University Nymegen Medical Centre, the Netherlands. All subjects gave their written informed consent.
Data collection
GPs identified all contacts related to acute deterioration of the respiratory condition during the two years preceding the date of trial inclusion from the subjects' medical record using a standardised data extraction form. For each study subject the exact time frame was individually marked out by providing the GP with the begin and end dates of the observation period. Required details for each contact were: date, time, and type of contact (office consultation, telephone consultation, home visit); changes in respiratory symptoms (i.e., increased dyspnea, cough, amount of sputum); objective signs (sputum color, sputum consistency, fever); drugs prescribed (dosage and brand of oral glucocorticoids, antibiotic agents, inhaled steroids, bronchodilators, mucolytics, cough preparations); diagnostic tests (chest X-rays, pulmonary function tests, sputum cultures, blood tests); referrals to respiratory consultants; emergency room visits; and hospital admissions (including length of stay). The information on changes in respiratory symptoms as recorded in the GPs files was often incomplete and therefore not used in the current evaluation. Separate contacts pertaining to one and the same exacerbation episode were marked as such by the reporting GP. Completeness of the reported contacts was verified by one of the investigators in a 10% (n=29) random sample of study subjects. In this sample, completeness of reporting turned out to be 100%.
Spirometry was performed in a pulmonary function laboratory in all subjects following the European Respiratory Society (ERS) standards [27] . Following the protocol of the subsequent clinical trial [24] , subjects were categorised according to the severity of airflow obstruction using criteria issued by the ERS (postbronchodilator FEV 1 as percentage of predicted value ≥80%: no obstruction; ≥70% and <80%: mild obstruction; ≥50% and <70%: moderate obstruction; <50%: severe obstruction) [26] . History of cigarette smoking was assessed by standardised interview and quantified as the number of packyears smoked.
Cost calculations
Use of healthcare resources was assessed by counting the number of units consumed. Subsequently, units were converted into monetary values. Drug prescriptions were converted to costs using the March 2000 table of the Royal Dutch Association for the Advancement of Pharmacy and included taxes and pharmacist fee. Cost of diagnostic tests were calculated using tariffs published by the Dutch Council of Health Insurances [28, 29] . Referrals to respiratory consultants, emergency visits, and hospital admissions were valued using results of a cost investigation from a secondary care population of patients with COPD [30] . The cost of referrals included the amount time spent by respiratory consultants and additional diagnostic procedures requested by the consultants. Costs were calculated as the cost per exacerbation episode as well as the annual exacerbation cost per subject. All cost are expressed in Euros. The year 2001 was taken as the index year for all cost, regardless of the calendar year in which an exacerbation had actually occurred.
Analyses
The SAS statistical software package (version 6.12 for Windows) was used for analysis. Differences in baseline characteristics between the categories of obstruction severity were analysed using analysis of variance (ANOVA) and χ 2 tests. Mean and median annual exacerbation rates were calcu-lated for the four categories of obstruction severity and compared by ANOVA and Kruskal-Wallis tests. Differences in the occurrence of exacerbations by calendar month were analysed by χ 2 test. Although the cost data distribution was skewed towards the left, t test based 95 % confidence intervals (95% CIs) were calculated for total cost and separate cost components [31] . Differences in exacerbation related cost between obstruction severity subgroups were compared using ANOVA.
Results
Study population
Demographic and clinical characteristics of the study population are given in table 1. Age and packyears of smoking were highest for the subjects with more severe obstruction (both p<0.001), whereas the body mass index (BMI) was lowest in the more severe subgroups (p=0.042). Reversibility as percentage of predicted FEV 1 ranged from 5.5 (SD 6.2) percent in subjects without obstruction to 8.0 (SD 5.8) percent in subjects with moderate obstruction (p=0.044). Long-acting bronchodilators and inhaled steroids were more often prescribed in the more severely affected subgroups (p=0.003 and p=0.019, respectively). Comorbidity was present in 109 (38%) subjects, hypertension being the most prevalent condition (16% of all subjects) followed by ischemic heart disease (15%), atherosclerosis (11%), cardiac arrhythmia (6%), and diabetes mellitus (5%). Presence of relevant comorbid conditions did not differ between the categories of obstruction severity. Following the GOLD criteria, 14% of all patients had mild COPD (GOLD I), 48% moderate COPD (GOLD II), and 16% severe COPD (GOLD III). 22% of the study population consistent of current or former smokers with chronic bronchitis (GOLD 0), although their fulfillment of the studies' inclusion criteria indicated incipient lung function abnormality.
Occurrence of exacerbations
A total of 507 exacerbations comprising 732 GP contacts were reported for the 286 subjects studied. In 227 (45%) exacerbations more than one contact with the GP had taken place. The number of GP contacts per exacerbation ranged from 1 to 7, with an average of 1.5 (SD 0.9) contacts. 220 subjects (77%) experienced at least one exacerbation during the two year period. Mean and median annual exacerbation rates did not differ between the severity subgroups (table 1). There was a dissimilar distribution in the occurrence of exacerbations throughout the year, with the majority of exacerbations reported in the months of October through to March (59% of all exacerbations) and July (χ 2 test, p=0.014, figure 1) .
Management of exacerbations
A course of oral corticosteroids was prescribed in 26% of all exacerbations. Within the set of all reported exacerbations, the probability of an oral corticosteroid prescription increased roughly along with the severity of obstruction of the subject concerned (no obstruction: 0.18, mild: 0.28; moderate: 0.28; severe: 0.32; χ 2 test: p=0.040). 47% of the exacerbations were treated with one or more antibiotic drugs, tetracyclines being the most frequently prescribed class of antibiotics (56%), followed by penicillins (27%), macrolides (12%), sulfonamides (4%), and quinolones (1%). Unlike oral corticosteroid prescriptions, the probability of an antibiotic being prescribed did not increase as obstruction became more severe (χ 2 test, p=0.747). Hospital admission was reported for only one exacerbation; one other exacerbation necessitated an emergency room visit. Spirometry was performed in 173 (34%) of all exacerbations (94% performed in general practice, 6% in a pulmonary function laboratory). Chest radiographs were requested in 63 (12%) exacerbations, sputum cultures in 3 (1%). Referral to a respiratory consultant was reported for 25 (5%) exacerbations. Table 2 shows the mean cost per exacerbation and the mean annual exacerbation cost per study subject. The total cost per exacerbation aggregated to € 66 (95% CI 56, 76). The annual cost per subject attributable to exacerbations aggregated to € 59 (95% CI 48, 69). Exclusion of the hospital admission cost resulted in € 62 (95% CI 57, 67) per exacerbation, and € 51 (95% CI 44, 57) for the annual exacerbation cost. There was no significant association between the annual exacerbation cost and age (Spearman: r=0.027, p=0.654) or gender (Mann-Whitney U, p=0.492). A consistent tendency towards increasing annual exacerbation cost within the more severely obstructed subgroups was observed (figure 2, p=0.024, and p=0.060 with the hospital admission cost excluded). The increasing costs were merely due to more GP consultations, diagnostic procedures requested, and prescriptions for reliever medication.
Exacerbation related healthcare cost
Discussion
In this study we assessed the occurrence of exacerbations in a group of patients with COPD treated in Dutch general practice, and estimated the healthcare costs arising from these acute episodes. We observed that COPD patients with more severe airflow obstruction did not experience more frequent exacerbations, but once an exacerbation had occurred the associated healthcare costs became higher as the obstruction was more severe. The composition of the patient population studied was rather representative of the Netherlands, although patients with mild COPD (GOLD I) were somewhat underrepresented (14%, against an estimated 27% in the Dutch general practice population) [23] .
Comparison with previous studies
Our results indicate that the healthcare cost induced by exacerbations of COPD in (Dutch) primary care may depend on the severity of airflow obstruction, whereas the occurrence rate of exacerbations itself does not seem to do so. The latter observation is in contrast with a previous COPD study conducted in the Spanish primary care setting, in which an association was found between the severity of airflow obstruction and the risk of frequent exacerbations [32] . A possible explanation for these contradictory findings may be that the Spanish study did not include patients with an FEV 1 % predicted >80% and/or FEV 1 /FVC ratio >70%, which means that patients with mild COPD (GOLD I) or subjects at risk of COPD (GOLD 0) were not included like in our study. Overall, the Spanish patient sample [32] suffered -on average -from more severe COPD, was about a decade older than our sample (68 versus 59 years), had substantially higher number of packyears (41 versus 28), and showed a substantially higher annual exacerbation rate (median of 2 exacerbations/year versus 0.5 exacerbations/year). These, alongside other differences (for instance the definition of an exacerbation) between the studies as well as differences between the healthcare systems in the Netherlands and Spain should be taken into account when comparing the two studies. On the other hand, our findings are in line with studies performed in a UK secondary care setting, in which patients with frequent or infrequent exacerbations were indistinguishable in terms of lung function [33] . In the current study, the patients with more severe obstruction did not so much experience more exacerbations but once they suffered from one, the healthcare costs involved were higher than in those with less severe obstruction. The higher costs were caused primarily by more consultations, diagnostic tests, and prescription of reliever medication (i.e., bronchodilators, mucolytics, and cough preparations) in the GPs management of exacerbations. A relationship between FEV 1 impairment and increased drug prescription in stable COPD has been reported previously [11] , but our data suggests that this relationship may also apply to the primary care cost of treating acute exacerbations of the disease. Recent studies from Sweden and France confirm our observations [34, 35] . Studies in patients with COPD treated in secondary care have shown that the treatment cost of exacerbations are largely due to hospitalisations, emergency room visits, and domestic oxygen therapy [10, 19] . Compared to these studies the exacerbation related costs in our study were rather low. This is easily explained by the fact that among all 507 reported exacerbations only one hospital admission and one emergency room visit had occurred. This further demonstrates the typical primary care nature of our study population: in the Netherlands, patients treated by GPs generally suffer from less severe disease and, consequently, require less intensive medical attention in case of an exacerbation compared to patients treated by secondary care chest physicians. The Confronting COPD survey has also demonstrated that the rate of unscheduled healthcare contacts is relatively low in the Netherlands [36] .
Patient sample, definition of exacerbations, and cost estimations
One of the main reasons for Dutch GPs to refer patients with COPD to a chest physician appears to be the occurrence of recurrent or unresolving exacerbations [37] . Once a patient with COPD has been admitted to hospital because of a (severe) exacerbation, it is rather common practice that a chest physician temporarily or permanently takes over the patients' treatment after discharge from hospital. Because of this, patients who were treated by chest physicians were less likely to be invited by the GPs for participation in the upcoming trial and because patients with a predicted FEV 1 <40% of were excluded, those with frequent or severe exacerbations were probably underrepresented in our study population.
In order to avoid being forced to choose between existing definitions for exacerbations be- forehand, we instructed the GPs to report any contact in which study subjects sought medical attention because of acute deterioration of their respiratory condition. Because of the differing definitions for exacerbation used in the literature [38] , direct comparison between the exacerbation rate observed in our study with rates reported from previous studies is impeded. One method is to use prescriptions for courses of oral corticosteroids and antibiotics as a proxy measure for exacerbations [39] . However, had we only used this proxy definition in the current study, we would have missed a substantial number of exacerbations, as in only a quarter of all episodes an oral corticosteroid was prescribed. With the addition of antibiotic prescriptions to the proxy definition based oral corticosteroid prescriptions alone [13] , 59% of all episodes would have been detected. Still, a substantial part (41%) of all episodes was managed without a course of oral corticosteroids or antibiotics, but merely with a -transient-increase of the dosage of inhaled corticosteroids and/or bronchodilators, or prescription of other reliever medication (i.e., mucolytics, cough preparations).
In the Netherlands each inhabitant can only be registered at one single general practice. Because of this, it is unlikely that we missed many exacerbations by using GP records as the only data source. However, we can only speculate on the number of exacerbations which were 'self-managed' by patients and were therefore not included in the GPs' medical records. It has been reported that patients with COPD may seek medical attention in only 50% of exacerbations [14] . From a healthcare expenditure perspective these events are irrelevant as they do not result in any medical costs. However, the 'productivity' costs due to work absenteeism or incapacity for work may be relevant in these episodes. Due to the retrospective nature of our method for data collection we were not able to include the exacerbation related productivity cost in our calculations.
In conclusion, in the typical primary care population of patients with COPD studied we observed that patients with increasing severity of airflow obstruction experienced more expensive, but not more frequent exacerbations. The additional costs were mainly due to more physician consultations, requested diagnostic tests, and new prescriptions or adjustments of existing medication for relieve of respiratory symptoms. Although the probability of an oral corticosteroid prescription increased roughly along with the severity of airflow obstruction, a substantial number of exacerbations were not treated with either oral corticosteroids or antibiotics, which makes this healthcare utilisation based proxy measure a rather unreliable instrument for assessing exacerbation occurrence rates in primary care COPD studies.
